Although large electronic systems can be constructed almost entirely with digital techniques, many systems still have analog components and current mirror is the core structure for almost all analog and mixed mode circuits. It determines the performance of analog structures, which largely depends on their characteristics. In this paper, we have analyzed a basic type as well as a cascade type of current mirror using enhancement type MOSFET and study different parameters like minimum output voltage, equivalent resistance and output sink current characteristics etc.
INTRODUCTION
n often-used circuit applying the bipolar junction transistor is the so-called current mirror, which serves as a simple current regulator, supplying nearly constant current to the load over a wide range of load resistances. In other word, we can define it as a two terminal circuit whose output current is independent of the output terminal A voltage and depends only on the input current. Generally, it is used to generate a replica of given reference current. If necessary, it can also amplify or attenuate the reference current. A current mirror can be thought as a current controlled current source. Ideally, the output impedance of a current source should be infinite and capable of generating or drawing a constant current over a wide range of voltages. However, finite value of output resistance and a limited output voltage is required to keep the device in saturation will ultimately limit the performance of the current mirror. Current mirror has been used for biasing, loading, current amplification etc. Current mirrors are employed in many applications such as operational amplifiers, analog to digital and digital to analog converters. Fig. 1 shows the basic current mirror. A current flows through M1 corresponding to VGS1. Since VGS1 = VGS2, ideally the same current, or a multiple of the current in M1, flows through M2. If the MOSFETs are of the same size, the same drain current flows in each MOSFET provided M2 stays in the saturation region (Chikani etl) . The current through M1 can be given by,
TOPOLOGIES OF CURRENT MIRRORS BASIC CURRENT MIRROR
The output current, assuming M2 in saturation is given by Since VGS1=VGS2, the ratio of the drain currents is The desired output current can be obtained by adjusting W/L ratios of two devices (Chikani etl, Baker etl, 2005) . Here it is required that M2 remains in saturation. Therefore, the minimum output voltage across the current mirror is given by Vmin=VDS(SAT)=VGS-VTHN. The output resistance r0 of current mirror is equal to output resistance of M2.
CASCADE CURRENT MIRROR
Cascade configuration is used to increase the output resistance of the current source or sink. Fig. 2 shows the diagram for this configuration. If we define ΔV as excess gate-source voltage, the gate voltage of M4 is 2(ΔV+VTHN) and source voltage is ΔV+VTHN. The minimum voltage across the current sink has been limited by the requirement that M4 remains in the saturation region VDS4 ≥ (VGS4 -VTHN) or VD4 ≥ (2ΔV+VTHN) (Chikani etl, Baker etl, 2005) . This minimum voltage across the cascade current mirror is significantly larger than the minimum voltage across the basic current mirror (Chikani etl) .
Fig 2: Cascade current mirror

SIMULATION RESULTS
These proposed circuits are designed and simulated using P-Spice
BASIC CURRENT MIRROR
Systematic Circuit Diagram
The circuit diagram of the basic current mirror has been given below. The desired output sink current is 10 µA. This P-Spice model was simulated to obtain output sink current. R1 was 380 and R2 was 500 KΩ respectively. Both MOSFET was enhancement type and simulation voltage was 2.5V, 2,5V, 3V respectively.
Output Sink Current
The expected sink current is 10 µA. Currents flowing through M2 and M1 has shown in fig 4. From Fig 5, it can be observed that the output sink current is only constant for V3 ≥ -1.5V. It implies that M2 saturates when V3 ≥ -1.5V. We have to ensure this condition is satisfied to use this mirror in circuits as a current source.
EQUIVALENT CIRCUIT AND OUTPUT RESISTANCE CALCULATION
The output resistance of the current source can be derived as per following calculations.
Fig 6: Equivalent circuit for output resistence
Here R_o has taken as output resistance. The calculation of R_o has shown in below. From figure 7, it is seen that the M2 mirrors the current in M1 very accurately. M1 and M2 are ideally matched in the simulation. This is the reason the current has been mirrored accurately. But the current is not equal to 10µA; it is closer to 10.5 µA. The value for the width we got from the calculation was 14.61 nm. But we simulated with width of 15nm. Further, we assumed threshold voltage to be 0.83 V and also we used a Level one MOSFET model in the simulation. We got the deviations. The performance can be improved by using the current reference circuit to supply the current of M1. In this circuit, we see that,
. This would not have happened if we used a current reference. This is true for all current mirrors shown in preceding sections. The current mirrors do just what the name implies: 'mirroring'. If there is an error in the reference current, the current mirror mirrors the error also. And in case the ratio is different in the output branch and reference branch, the error in the output current will be a multiple of the error in the reference current .
The output resistance of the circuit is 14 MΩ. Thus, although the resistance is very high, it is not infinite as desired. Output resistance can be increased by cascading transistors. The current mirror if the voltage across the mirror is larger than the minimum value.
CASCADE CURRENT MIRROR
Systematic Circuit Diagram
The cascade current circuit model has been given in fig 8. This circuit is obtained by cascading the basic current mirror to get larger output resistance Ro. The output current is as same as in basic current mirror. This P-Spice model was simulated to obtain output sink current from cascade mode current mirror. R1 was 260 and R2 was 500 KΩ respectively. All MOSFETs was enhancement type and simulation voltage was 2.5V, 2,5V, 3V respectively. The output resistance of cascade mirror is in the order whereas that of basic current mirror is . The plots obtained by Spice simulations have been given below. We can see that the output resistance is much larger than that of basic current mirror. 
Output Sink Current
MIRROR WITH MULTIPLE OUTPUTS
Systematic Circuit Diagram
The circuit diagram for the basic current mirror with multiple output currents has shown in below.This circuit is obtained by extending the basic current mirror to give multiple outputs. Take Currents:
Here we have taken all N Mos This P-Spice model was simulated to obtain output sink current. R was 380 and R2 to R5 was 500 KΩ respectively. All MOSFETs was enhancement type and simulation voltage was 2.5V, 2,5V, 3V respectively. By simulating this circuit output sink currents are ovserved which are plotted below. 
Result Table
The minimum required voltage plots have been shown in below.
Minimum required voltage
